The reaction of racemic 2-amino-4H -pyrans, such as 3-amino-1-aryl-1H -benzo[ f ]chromene-2-carbonitriles, with N -bromosuccinimide (NBS), in CH 2 Cl 2 , at room temperature, is a very quick, regio, stereoselective, and high yielding process, affording major racemic
Introduction
A recently published article reported the oxidative difunctionalization of a series of 2-amino-4H -pyrans with iodobenzene diacetate (IBD) and N -chlorosuccinimide (NCS) [1] .
The authors claimed that the reactions of (±) -2-amino-4-aryl-4H -benzo[h] chromene-3-carbonitriles (I) with IBD or NCS do not proceed in dichloromethane (CH 2 Cl 2 ) or nonnucleophilic solvents, and found that methanol and ethanol were the solvents of choice, resulting in instantaneous reactions [1] . Consequently, very highly functionalized 3-amino-2,2-dialkoxy-benzo[h]chromenes (II) were obtained in the reaction with IBD. Similar reactivity was described for related 2-amino-4H -pyrans, such as ethyl 6-amino-5-cyano-2-methyl-4-phenyl-4H -pyran-3-carboxylate (1), 2-amino-4-phenyl-4H -pyrano [3,2-h] quinoline-3-carbonitrile (2) , and 2-amino-2 -oxospiro[benzo [h] chromene -4,3 -indoline] -3-carbonitrile (3) (Fig. 1 ) [1] .
In the reaction with NCS, 2-amino-3-chloro-2-alkoxybenzo[h]chromenes (III) (Scheme 1, Eq. 1) were isolated; however, the reaction proved substratedependent as 2-amino-2 -oxospiro[benzo[h] chromene-4,3 -indoline]-3-carbonitrile (3) afforded 3-chloro-2-imino-benzo[h]chromene (4) (Scheme 1, Eq. 2) [1] .
For years, our laboratory has been actively working on the synthesis and reactivity of 2-amino-4H -pyrans [2] , and since 1997 [3] in their transformation into a number of diverse heterocyclic ring systems, such as the biologically active benzochromenes [4] , for the potential treatment and prevention of Alzheimer's disease [5] . Scheme 1 Reaction of 2-amino-4H -pyrans I and 3 with NCS [1] In this context, we were surprised to realize that the reaction of 2-amino-4H -pyrans with N -bromosuccinimide (NBS) had not been previously reported, and decided to investigate it. Contrary to what has been described [1] , we have found that the oxidative difunctionalization of 2-amino-4H -pyrans with NBS in CH 2 Cl 2 is possible, quick, and it efficiently affords non N H 2 -rearranged, new brominated products of synthetic interest. Thus, in this work we report the unprecedented results that we have observed in the reaction of some selected racemic 2-amino-4H -pyrans, with NBS.
Results and discussion

Reaction of racemic 3-amino-1-aryl-1H-benzo[f]chromene-2-carbonitriles with NBS
We prepared the 3-amino-1-phenyl-1H -benzo[ f ]chromene-2-carbonitrile (5a) by the one-pot, three-component condensation of commercially available malononitrile, benzaldehyde, and 2-naphthol [6] , followed by exposure to NBS (1.0 equiv) in CH 2 Cl 2 at room temperature (rt).
We were pleased to see that a quick and complete reaction ensued, affording compound 6a in 98 % yield, accom- (Table 1 ; Scheme 2). Product 6a was a monobromide derivative showing two singlets at 8.22 and 5.21 ppm in the 1 H NMR spectrum, corresponding to protons C(3)=NH, and C(1)-H, located at carbons C(3) (153.8 ppm) and C(1) (52.2 ppm), respectively (see "Experimental" section). Compound 7a was a dibromide lacking the C(3)=NH signal, suggesting that its structure corresponded to a 3-bromoimino [C(3) =NBr] derivative of compound 6a ("Experimental" section). In fact, when the reaction was carried out using more NBS (2.2 equiv), compound 7a was then obtained as the major profuct (74 % yield) along with compound 6a (26 % yield) ( Table 1 ).
Note that in no case the bromination occurred in any of the aromatic rings of starting material 5a, and that only one stereoisomer in compounds 6a and 7a [7, 8] was detected and isolated. Consequently, we conclude that the reaction of 3-amino-1-phenyl-1H -benzo[ f ]chromene-2-carbonitrile (5a) with NBS in CH 2 Cl 2 is indeed possible, and it affords both mono and dibromide derivatives as major products based on the amount of NBS used (Fig. 2) .
Fortunately, suitable crystals for X-ray crystallography of compound 6a (CCDC number 900027 contain the supplementary crystallographic; these data can be obtained free of charge from the Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/data_request/cif) were obtained by recrystallization from hexane/EtOAc.
For comparative purposes [1] , the reaction of compound 5a with NBS (2.2 equiv), in MeOH, at rt, for 5 min, gave compound 7a (98 %) (Table 1) , but the reaction of 5a with NBS (1.0 equiv), in MeOH, at rt, for 25 min, gave an unseparable mixture of compounds, whose structures could not be established. 1 With these results in hand, we next investigated the scope of the reaction of other 3-amino-1-aryl-1H -benzo[ f ] chromene-2-carbonitriles with NBS by preparing the starting materials 5b [9] , 5c [10] , 5d [6] , 5e [9] , 5f [11] , 5g [12] , and 5h [13] (Table 1) , and submitting them to the same reaction conditions.
As shown in Table 1 , a similar trend was observed when compounds 5b-h reacted with NBS, using 1.0 or 2.2 equiv, giving new and major products 6b-h or 7b-h, respectively. Note that we have also quantitatively transformed pure benzochromene 6d into 7d by reacting it with NBS (1.0 equiv) (Scheme 3). Thus, this reaction proved robust and applica- Scheme 3 Reaction of 2-bromo-3-imino 6a and 6d with NBS (1.0 equiv) ble to other substituted 3-amino-1H -benzo[ f ]chromene-2-carbonitriles containg electrondonating (i.e., methoxy group) or electronwithdrawing (i.e., nitro) susbtituents at different positions in the aromatic ring at C1. A plausible mechanism for the reaction of compound 5a with NBS (2.2 equiv) leading to compounds 6a and 7a has been proposed in Scheme 4. As shown, the first bromination at C3 should proceeds from the less hindered face placing the bromine atom in a trans arrangement with respect to the phenyl group, affording 6a via intermediate 8a. Next, the second attacck to NBS should take place at the nitrogen at C3, favored and assisted by the electrondonating attributes of the oxygen atom at the pyran ring to give 9a, the intermediate in the formation of major dibrominated derivative 7a.
To support this mechanistic proposal and shed light into the reaction mechanism, a DFT analysis was carried out [14] . Thus, we first calculated the Gibbs energy profile for the bromination of 5a-6a and 7a at the M06-2X/6-311+G(3d,2p)/CPCM level (Fig. 3) . The H-bonding interaction between 5a and NBS leads to a reactant complex (5a… NBS) which undergoes the electrophilic attack of Br + cation from NBS to the double bond through the transition structure TS1. This transition structure drives to the concerted formation of 6a and the tautomer of succinimide (S ) by proton abstraction by the succinimidate anion from the amine. TS1 is late as suggested by the bond lenghts (N- Br = 2.496 , C2-Br = 2.101Ǻ), which indicates that the Br + cation is essentially transferred from NBS to C2, and the incipient migration of hydrogen from the amine substituent (1.105Ǻ) to one oxygen atom of NBS (1.509Ǻ). This first bromination proceeds with a moderate free-energy barrier (25.9 kcal/mol) and is slightly exothermic (about −2.5 kcal/mol).
The formation of the steroisomer of 6a (6a ) takes place through an earlier transition structure TS1' (Br-N = 2.143Ǻ, Br-C2 = 2.259Ǻ) where the cyanide group must rearrange to a pseudoaxial disposition to allow the access of the Br + . This hindrance can be visualized by inspection of the HOMO orbital mapped on the total electron density surface (Fig. 4) . Hence, the structural distortion needed to reach TS1 can account for the higher activation barrier computed (32.2, 6 .3 kcal/mol higher than TS1) and for the less stability of 6a (4.3 kcal/mol higher in energy than 6a). These results support the observed stereoselectivity of the monobromination by NBS. The extent of bond cleavage or formation along a reaction pathway is provided by the concept of bond order (BO) [15] . The BO values of the forming and breaking bonds involved in these brominations are listed in Table 2. A second bromination process can take place in excess of NBS. As it was observed for the first halogenation, the N -bromination to 7a takes place concertedly with the formation of the hydroxylic succinimide tautomer S . In the transition structure, TS2, the breaking N-Br bond (2.530Ǻ) is longer than in TS1, whereas the forming N-Br bond is long (2.311Ǻ). In addition, the proton abstraction by the succinimidate anion is not observed at the transition state (N-H = 1.052, O-H = 1.706Ǻ). These results indicate a higher asynchronicity of the addition of the Br + cation/proton shift events in the second step. The energy values (Fig. 3) suggest that the second bromination proceeds less favorably than the first one from both a kinetic and thermodynamic viewpoints.
Lastly, it could be thought that the tautomerization of S to succinimide (S) could proceed by a simple non-assisted 1,3-H shift (TS S1 , Fig. 5 ). However, this process involves a high free-activation barrier (34.7 kcal/mol) due to steric strain for a proper orbital overlap. Hence, an assisted, more relaxed, dimeric structure 2S could allow this proton shift with a lower barrier. In fact, the transition structure TS S2 is only 0.1 kcal/mol higher than the H-bonded dimer of 2S (3.8 kcal/mol higher than the separated structures), so the tautomerization is a nearly barrierless process, that leads to succinimide in a strongly exothermic step (−18.9 kcal/mol). These observations are in agreement with those reported by Worley [16] .
Based on the results obtained with 3-amino-1-aryl-1H -benzo[ f ]chromene-2-carbonitriles, next we analyzed the same reaction on 2-amino-4-aryl-4H -benzo[h]chromene-3-carbonitriles 10 ( Table 3) .
Reaction of racemic 2-amino-4-aryl-4H-benzo[h]chromene-3-carbonitriles with NBS Racemic 2-amino-4-phenyl-4H -benzo[h]chromene-3-carbonitriles 10a [6] , 10b [17] , 10c [18] , 10d [6] , 10e [19] , 10f [18] , 10g [20] , and 10h [18] were obtained in very good yields by refluxing the corresponding 2-arylidenemalononitriles, and 1-naphthol, in the presence of piperidine, in ethanol.
Following the same procedure (see above), the reaction of 2-amino-4-phenyl-4H -benzo[h]chromene-3-carbonitrile derivatives 10a-h with NBS (2.2 equiv) in CH 2 Cl 2 , gave the 3-bromo-2-bromoimino products 11a-h in good yields (80-96 %) ( Table 3 ). Under these conditions no monobromide compounds were detected.
All new compounds of type 11 (Table 3 ) and 12 ( Fig. 6a ) were characterized by their spectroscopic and analytical data ("Experimental" section). The formation of lactones 12g and 12h under these reactions conditions is probably the result of fast hydrogen bromide elimination in the corresponding To support this hypothesis, the reactions of 10a-h were repeated this time only with 1.0 equiv of NBS. Not surprisingly, during the reaction process only one spot was detected by TLC, presumably the corresponding monobromide derivatives which after work-up and/or purification afforded 2-oxo-4-aryl-2H -benzo[h]chromene-3-carbonitrile derivatives 12a [21] , 12b, 12c, 12d [21] , 12e [21] , 12g [21] and 12h (Table 4) . It is worth noting that in the case of precursor 10d, in addition to lactone 12d [21] , we isolated monobromide compound 13d in low yield (10 %) (Fig. 6b) . Similarly, when using nitro-containg 10f, only monobromide derivative 13f was obtained (92 % yield) (Fig. 6b) .
The relative configuration at C3/C4 in dibrominated products 11 was assigned by X-ray crystallographic analysis of suitable crystals of one of the products prepared in the series (11b) (CCDC number 900026 contain the supplementary crystallographic data; these data can be obtained free of charge from the Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk/data_request/cif), which was obtained by recrystallization from hexane/EtOAc. The structure of 11b is shown in Fig. 2b where it can be seen that the bromine atom is positioned in a trans arrangement with respect to the aryl group.
Reaction of racemic ethyl 6-amino-4-aryl-5-cyano-2-methyl-4H-pyran-3-carboxylates with NBS Finally, in the last section, we are going to describe the results that we have obtained in the reaction of alkyl 6-amino-4-aryl-5-cyano-2-methyl-4H -pyran-3-carboxylates 14 [22] with NBS (Schemes 5, 6, 7, 8) . In fact, it was in the course of the analysis of the scope of our recently reported method form the synthesis of new azo compounds from compounds of type 14, by reacting them with NBS in the presence of benzoyl peroxide (Bz 2 O 2 ), at reflux, that, instead of the expected products [2] , we obtained some unexpected brominated derivatives, not previously described.
When 2-amino-4H -pyran 14a was reacted with 3 equiv of NBS a diastereomerically pure dibromide was obrained, whose structure was tentatively assigned as 15a (Scheme 5) based on the spectroscopic and analytical data, and by comparison with compounds 7a and 11a (see above). In the NMR spectra of compound 15a, H4 appears at 4.55 ppm, and C3 at 39.9 ppm. To confirm the structure, we crystallized com- pound 15a, but surprisingly, the X-ray diffraction analysis afforded as solution, structure 16 ( Fig. 7a) , a known compound [23] , that would possibly result from compound 15a after HBr elimination, N-Br cleavage, followed by precedented 2H -pyran-2-imine to pyridin-2(1H )-one rearangement [24] . In fact, the NMR analysis of the recovered not used sample, for X-ray analysis, confirmed structure 16 (CCDC number 900018 contain the supplementary crystallographic data; these data can be obtained free of charge from The Cambridge Crystallographic Data Centre via http://www. ccdc.cam.ac.uk/data_request/cif), identical to the compound prepared unequivocally as reported from 2-amino-4H -pyran 14a [23] .
This unexpected result led us to re-consider the isomer dibromide 17 (Fig. 7b) as the possible reaction product of compound 14a with NBS. However, this alternative was soon 
Starting material
Product (Yield) rejected as, under our reaction conditions, essentially neutral, 2-amino-4H -pyrans such as 14a do not rearrange to 3,4-dihydro-2(1H )-pyridones, a process that requires strong acid catalysis [23] . In addition, the reaction of 2(1H )-pyridone 18 [23] with NBS (2.2 equiv) gave unidentified products, and monobromide 19 (Scheme 6) in 24 % yield (see "Experimental" section), as a diastereomerically pure compound (relative stereochemistry at C3/C4 not assigned), completely different from dibromide 15a. To sum up, this result prompted us to reject structure 17, and tentatively propose the structure of compound 15a (Scheme 5) as the reaction product of pyran 14a with an excess of NBS, and whose relative configuration 
at C3/C4 in compound 15a has been assigned as shown by comparison with related compounds 7a and 11a (see above). Next, a series of experiments were carried out in order to analyze the scope of the reaction using other 2-amino-4H -pyrans, such as 14b [25] , 14c [26] , 14d [25] and 14e [25] . As shown in scheme 5, we obtained the expected dibromo derivatives 15b-e (see "Experimental" section) which presented NMR data in good agreement with those observed for the parent compound 15a. It is interesting to highlight that when 4H -pyrans 14a-e were treated with NBS (2.2 equiv), under the same experimental conditions, no significant changes were observed in the chemical yields. 
Scheme 8 Reaction of ethyl 6-amino-5-cyano-2-methyl-4H -pyran-3-carboxylates 14h, i with NBS (2.2 equiv) Simple extension to other 2-amino-4H -pyrans such as 14f [27] and 14g [28] , bearing a t-butyl instead of the ethyl group, or a 2 -methyl at the aromatic ring, respectively, proceeded also efficiently to give compounds 15f, g in good yields (Scheme 7). However, reactions with pyrans 14h [29] and 14i [30] gave the very unstable dibromoderivatiebs 15h and 15i, respectively (Scheme 8), that we were unable to charaterize analytically. When we repeated the reaction using NBS (3.0 equiv), and benzoyl peroxide (0.1 equiv), a similar result was obtained.
Conclusions
In this work, we have described a method for the bromination of 2-amino-4H -pyrans in mild reaction conditions and in good chemical yields. In addition, the mechanism of these reactions has been investigated by computational (DFT) methods and the results account for the reactivity and stereoselectivity patterns observed.
We have to highlight that the potential interest of the compounds synthesized in this work, and consequently the importance of the transformations reported here, is based on the number of natural products and synthetic compounds showing important applications as cosmetics, pigments, and agrochemicals [31] [32] [33] [34] , bearing the benzo[ f ]chromene as heterocyclic ring system. In particular, benzo[ f ]chromenes bearing amino and cyano groups are versatile synthetic intermediates for the synthesis of various nitrogen heterocycles with a number of biological and pharmacological properties [35, 36] .
Experimental
General methods
Melting points were determined on a Koffler apparatus, and are uncorrected. 1 H NMR and 13 C NMR spectra were recorded in a Bruker AV-300, Bruker AV-400, and Bruker AV-500 spectrometer, in CDCl 3 or DMSO-d 6 at 300, 400 or 500 MHz and at 75, 100 or 125 MHz, respectively, using solvent signals peaks [CDCl 3 : 7.27 (D) Column chromatography was performed on silica gel 60 (230 mesh).
General Procedure for the reaction of 2-amino-4H-pyrans with NBS
Method A To a solution of the corresponding 2-amino-4H -pyran carbonitrile in dry CH 2 Cl 2 (DMC), NBS (1.0 equiv) was added, under argon atmosphere. The mixture was stirred at rt for 5 min. The mixture was treated with an aqueous diluted solution of sodium hydroxide (0.1 M), dried with sodium sulfate, filtered, evaporated, and the residue was purified by flash chromatography. Method B a mixture of the corresponding 2-amino-4H -pyran and NBS (2.2 equiv) in DCM, under argon atmosphere, was stirred at rt for 5 min. The mixture was treated with an aqueous diluted solution of sodium hydroxide (0.1 M), dried with sodium sulfate, filtered, evaporated, and the crude was purified by flash chromatography. Method C To a solution of the corresponding 2-amino-4H -pyran, in anhydrous acetonitrile, NBS (3 equiv), and benzoyl peroxide (0.1 equiv) were added, under argon atmosphere. The mixture was refluxed for 1-2 h. The solvent was removed by evaporation, and the crude was purified by flash chromatography. [6] (0.15 g, 0.5 mmol, 1.0 equiv) with NBS (89.5 mg, 0.5 mmol, 1 equiv), in DCM (5 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6a (0.186 g, 98 %) and 7a (traces). Method B Reaction of 3-amino-1-phenyl-1H -benzo[ f ]chromene-2-carbonitrile (5a) (0.305 g, 1 mmol) with NBS (0.4 g, 2.2 mmol, 2.2 equiv), in DCM (10 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6a (0.102 g, 26 %) and 7a (0.347 g, 74 %). [9] (0.15 g, 0.457 mmol, 1 equiv) with NBS (81.3 mg, 0.457 mmol, 1.0 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6b (0.157 g, 84 %) and 7b (5 mg, 2 %). Method B Reaction of 3-amino-1-(2-methoxyphenyl)-1H -benzo[ f ]chromene-2-carbonitrile (5b) (0.2 g, 0.61 mmol), NBS (0.24 g, 1.34 mmol, 2.2 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded compound 6b (23.5 mg, 9 %) and 7b (0.266 g, 90 %). 3435, 3284, 1675, 1489, 1284, 1250, 1227 
Bromination reaction of
(±)-3-amino-1-phenyl-1H - benzo[f]chromene-2-carbonitrile (5a) Method A Reaction of 3-amino-1-phenyl-1H -benzo[ f ] chromene-2-carbonitrile (5a)(±)-(1S,2S)-2-Bromo -3 -imino -1 -phenyl -2,3 -dihydro -1H-benzo[f ]chromene-2-carbonitrile (6a) mp 148-150
Bromination of (±)-
3-amino-1-(2-methoxyphenyl)-1H- benzo[f]chromene-2-carbonitrile (5b) Method A Reaction of 3-amino-1-(2-methoxyphenyl)-1H - benzo[ f ]chromene-2-carbonitrile (5b)(±)-(1S, 2S)-2- Bromo-3-imino-1-(2-methoxyphenyl)-2,3-dihydro-1H- benzo[f ]chromene-2-carbonitrile (6b) mp 180-183 • C; IR (KBr) ν max10), 7.70 (d, J = 8.4 Hz, 1H, H-7), 7.50 (t, J = 7.6 Hz
Bromination reaction of (±)-3-amino-1-(3-methoxyphenyl)-1H-benzo[f]chromene-2-carbonitrile (5c)
Method A Reaction of 3-amino-1-(3-methoxyphenyl)-1H -benzo[ f ]chromene-2-carbonitrile (5c) [10] (0.100 g, 0.304 mmol, 1 equiv) with NBS (54 mg, 0.304 mmol, 1.0 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane) afforded 6c (0.114 g, 92 %) and 7c (5 mg, 3 %). Method B Reaction of 3-amino-1-(3-methoxyphenyl)-1H -benzo[ f ]chromene-2-carbonitrile (5c) (0.219 g, 0.666 mmol) with NBS (0.261 g, 1.466 mmol, 2.2 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane) afforded 6c (0.45 g, 17 %) and 7c (0. 
g, 79 %). (±)-(1S,2S)-2-
Bromo-3-imino -1 -(3 -methoxyphenyl) -2,3 -dihydro -1H - benzo[f ]chromene
Bromination reaction of (±)-3-amino-1-(4-methoxyphenyl)-1H-benzo[f]chromene-2-carbonitrile (5d)
Method A Reaction of 3-amino-1-(4-methoxyphenyl)-1H -benzo[ f ]chromene-2-carbonitrile (5d) [6] (0.100 g, 0.304 mmol, 1 equiv) with NBS (54 mg, 0.304 mmol, 1.0 equiv), in DCM (5 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6d (0.134 g, 91 %) and 7d (traces). Method B Reaction of 3-amino-1-(4-methoxyphenyl)-1H -benzo[ f ]chromene-2-carbonitrile (5d) (0.219 g, 0.666 mmol), NBS (0.261 g, 1.466 mmol, 2.2 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded compounds 6d (9 mg, 4 %) and 7d (0.312 g, 3435, 1680, 1628, 1608, 1512, 1260, 1224 13 C NMR (100 MHz, CDCl 3 ) δ 160.5 (C4 ), 154.1 (C3), 147.8 (C4a), 131.1 (C-6), 130.9 (C10a), 130.2 (3C, C6a + C-2 + C-6 ), 129.1 (C-10), 128.1 (C-8), 126.8 (C1'), 125.7 (C-9), 122.4 (C-7), 116.5 (C-5), 115.0 (2C, C-3 + C-5 ), 114.9 (C10b), 114.0 (CN [9] (0.150 g, 0.3418 mmol, 1 equiv) with NBS (74 mg, 0.418 mmol, 1.0 equiv), in DCM (5 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6e (0.139 g, 76 %) and 7e (18 mg, 8 %) . Method B Reaction of 3-amino-1-(3,4-dimethoxyphenyl)-1H -benzo[f] chromene-2-carbonitrile (5e) (0.15 g, 0.418 mmol) with NBS (164 mg, 0.92 mmol, 2.2 equiv), in DCM (10 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6e (traces) and 7e (211 mg, 98 %). (±)-(1S,2S) 3435, 3284, 1681, 1515, 1268, 1247, 1224 , 1144 cm −1 ; 1 H NMR (500 MHz, CDCl 3 ) δ 8.27 (s, 1H, NH), 7.91 (d, J = 9.0 Hz, 1H, 7.87 (d, J = 8.0 Hz, 1H, 7.73 (d, J = 8.3 Hz, 1H, , 7.52 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H, 7.46 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, , 60.43; H, 3.92; N, 6.41. Found: C, 60.41; H, 3.98; N, 6.50 
%). (±)-(1S,2S)-2-
Bromo-3-imino-1 -(4 -methoxyphenyl) -2,3 -dihydro -1H- benzo[f ]chromene-2-carbonitrile (6d) mp 100-102 • C; IR (KBr) ν max
. (±)-(1S,2S)-2-Bromo-3-(bromoimino)-1-
(4-methoxyphenyl)-2,3-dihydro-1H-benzo[f ]chromene
Bromination reaction of (±)-3-amino-1-(3,4-
dimethoxyphenyl)-1H-benzo[f]chromene-2- carbonitrile (5e) Method A Reaction of 3-amino-1-(3,4-dimethoxyphenyl)- 1H -benzo[ f ]chromene-2-carbonitrile (5e)dimethoxyphenyl)- 3-imino-2,3-dihydro-1H-benzo[f ]chromene-2-carbonitrile (6e) mp 168-1 • C; IR (KBr) ν max
. (±)-(1S,2S)-2-Bromo-3-(bromoimino)-1-
(3,4-dimethoxyphenyl)-2,3-dihydro-1H-benzo[f ]chromene
Bromination reaction of (±)-3-amino-1-(2-nitrophenyl)-1H-benzo[f]chromene-2-carbonitrile (5f)
Method A Reaction of 3-amino-1-(2-nitrophenyl)-1H -benzo [ f ]chromene-2-carbonitrile (5f) [11] (0.15 g, 0.437 mmol, 1 equiv) with NBS (77.8 mg, 0.437 mmol, 1.0 equiv), in DCM (6 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6f (0.116 g, 63 %) and 7f (33 mg, 18 %) . Method B Reaction of 3-amino-1-(2-nitrophenyl)-1H -benzo[ f ]chromene-2-carbonitrile (5f) (0.150 g, 0.437 mmol, 1 equiv) with NBS (0.171 g, 0.961 mmol, 2.2 equiv), in DCM (6 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6f (18 mg, 10 %) and 7f (0.172 g, 79 %). 1H, 2H, 7.44 (td, J = 7.7, 1.5 Hz, 1H, 7.36 (d, J = 8.9 Hz, 1H, 6.98 (d, J = 7.9 Hz, 1H, [12] (0.23 g, 0.666 mmol, 1 equiv) with NBS (0.119 g, 666 mmol, 1.0 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 3g (0.190 g, 67 %) and 4g (24 mg, 7 %) . Method B Reaction of 3-amino-1-(3-nitrophenyl)-1H -benzo[ f ]chromene-2-carbonitrile (2g) (0.23 g, 0.666 mmol, 1 equiv) with NBS (0.261 g, 1.466 mmol, 2.2 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6g (19 mg, 7 %) and 7g (0.287 g, 85 %). 6, 148.9, 148.2, 137.1, 135.2, 132.1, 131.2, 130.8, 130.6, 129.4, 128.6, 126.0, 124.8, 123.7, 121.9, 116.7, 114.4, 112.2 (CN), (C10b), 51.7 (C-1) BrN 3 O 3 : C, 56.89; H, 2.86; N, 9.95. Found: C, 56.57; H, 3.01; N, 9.30 1643, 1625, 1533, 1506, 1378, 1349, 1257, 1231, 1187 3, 148.9, 147.8, 136.5, 134.7, 132.4, 131.6, 131.0, 130.4, 129.5, 128.9, 126.5, 125.0, 123.7, 122.0, 116.5, 113.4, 112.9, 52 [13] (0.150 g, 0.337 mmol, 1 equiv) with NBS (577.8 mg, 0.437 mmol, 1.0 equiv), in DCM (6 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded 6h (0.120 g, 65 %) and 7h (22 mg, 10 %). Method B Reaction of 3-amino-1-(4-nitrophenyl)-1H -benzo[ f ]chromene-2-carbonitrile (5h) (0.150 g, 0.337 mmol, 1 equiv) with NBS (0.171 g,0.961 mmol, 2.2 equiv), in DCM (6 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded compounds 6h (8 mg, 4 %) and 7h (0.197 g, 90 %) 3435, 1682, 1517, 1347 , 1225 cm −1 ; 1 H NMR (500 MHz, CDCl 3 ) δ 8.38 (s, 1H, NH), 2H, 7.97 (d, J = 9.0 Hz, 1H, 1H, Anal. Calcd. for C 20 H 12 BrN 3 O 3 : C, 56.89; H, 2.86; N, 9.95. Found: C, 56.67; H, 3.08; N, 1633, 1609, 1585, 1527, 1519, 1347, 1274 , 1230 cm −1 ; 1 H NMR (500 MHz, CDCl 3 ) δ 8. 2H, 8.04 (dd, J = 9.1, 0.8 Hz, 1H, 7.93 (dd, J = 8.3, 1.3 Hz, 1H, 7.63 (dt, J = 8.5, 1.0 Hz, 1H, 3H, 2H, 5.33 (s, 1H, ; 13 C NMR (125 MHz, CDCl 3 ) δ 156.0 (C3), 148.5 (C4 ), 147.5 (C4a), 140.9 (C1'), 132.1 (C-6), 131.3 (C6a), 130.2 (C10a), 129.7 (2C, C-2 + C-6 ), 129.3 (C-10), 128.6 (C-8), 126.3 (C-9), 124.7 (2C, C-3 + C-5 ) , 121.7 (C-7), 116.1 (C-5), 113.1 (CN), 112.8 (C10b), 51.9 (C-1), 39.8 (C2) Br 2 N 3 O 3 : C, 47.94; H, 2.21; N, 8.39. Found: C, 47.88; H, 2.37; N, 8.32 .
Bromination reaction of (±)-3-amino-1-(3-nitrophenyl)-
1H-benzo[f]chromene-2-carbonitrile (5g) Method A Reaction of 3-amino-1-(3-nitrophenyl)-1H -benzo [ f ]chromene-2-carbonitrile (5g)(±)-(1S,2S)-2-Bromo-3-imino- 1 -(3 -nitrophenyl) -2,3 -dihydro -1H-benzo[f ]chromene. (±)-(1S,2S)-2-Bromo-3-(bromoimino)-1 -(3 -nitrophenyl) -2,3 -dihydro -1H -benzo[f ]chromene -2 - carbonitrile (7g) mp 182-184 • C; IR (KBr) ν max
Bromination reaction of (±)-3-amino-1-(4-nitrophenyl)-
Bromination reaction of 2-bromo-3-imino (6a) and (7d)
equiv) with NBS (0.2 mmol, 1 equiv), in DCM (2 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM/hexane), afforded compounds 7a (79 mg, 87 %) and 7d (94 mg, 98 %), respectively.
Bromination reaction of (±)-2-amino-4-phenyl-4H-benzo[h]chromene-3-carbonitrile (10a)
Method A A solution of 2-amino-4-phenyl-4H -benzo[h] chromene-3-carbonitrile (10a) [6] (0.15 g, 0.5 mmol, 1 equiv), NBS (89.5 mg, 0.5 mmol, 1.0 equiv), in DCM (5 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM in hexane), afforded 2-oxo-4-phenyl-2H-benzo[h]chromene-3-carbonitrile (12a) [21] 8.62 (d, J = 8.2 Hz, 1H, 7.89 (d, J = 7.7 Hz, 1H, 2H, 7.66 (d, J = 10.2 Hz, 1H, 3H, 2H, 7.30 (d, J = 8.9 Hz, 1H, NO 2 : C, 80.80; H, 3.73; N, 4.71. Found: C, 81.03; H, 3.88; N, chromene-3-carbonitrile (10a) [6] (0.3 g, 1 mmol), NBS (0.394 g, 2.2 mmol, 2.2 equiv), in DCM (10 mL), at rt for 5 min, followed by workup and flash chromatography (from 30 to 100 % DCM in hexane), afforded (±) -(3S,4S,Z)-3-bromo-2-(bromoimino)-4-phenyl-3,4-dihydro-2H-benzo[h] chromene-3-carbonitrile (11a) (0.450 g, 98 %): mp 120-122 • C; IR (KBr) ν max 1645, 1627, 1357, 1255, 1229, 1184 , 1088 cm −1 ; 1 H NMR (500 MHz, CDCl 3 ) δ 8.50 (d, J = 8.3 Hz, 1H, 7.91 (d, J = 7.8 Hz, 1H, 3H, 3H, 7.23 (d, J = 8.4 Hz, 1H, 2H, H2 +H6 ), 4.78 (s, 1H, , 2.65; N, 6.14. Found: C, 52.74; H, 2.80; N, 6.24 . = 7.9 Hz, 1H, 7.87 (d, J = 7.5 Hz, 1H, 2H, 7.62 (d, J = 8.8 Hz, 1H, 1H, 7.31 (dd, J = 7.5, 1.7 Hz, 1H, 7.18 (td, J = 7.5, 0.8 Hz, 1H, 7.16 (d, J = 8.8 Hz, 1H, 7.13 (d, J = 8.4 Hz, 1H, 4.00; N, 4.28. Found: C, 76.93; H, 4.08; N, 4.38 . [18] (0.3 g, 1 mmol), NBS (0.4 g, 2.2 mmol, 2.2 equiv), in DCM (10 mL), at rt for 5 min, followed by work-up and flash chromatography (from 30 to 100 % DCM in hexane), afforded 1647, 1625, 1599, 1492, 1377, 1250, 1226, 1192, 1086, 1023 Bromination reaction of (±) -2-amino-4-(3- [18] 1647, 1622, 1599, 1493, 1463, 1379, 1373, 1265, 1254, 1220, 1188, 1161, 1087, 1035 1H, 7.70 (d, J = 8.3 Hz, 1H, 7.65 (ddd, J = 8.1, 6.9, 1.2 Hz, 1H, 1H, 7.23 (d, J = 8.4 Hz, 1H, 6.88 (ddd, J = 8.3, 2.5, 0.7 Hz, 1H, 6.72 (dd, J = 7.7, 1.0 Hz, 1H, 1H, 121.2 (C-10) , 120.7 (C-6 ), 115.6 (C4a), 115.1 (C-4 ), 114.1 (C-2 ), 113.4 (CN), 55.7 (C-4) , 61.93; H, 3.71; N, 6.88. Found: C, C, 61.84; H, 3.75; N, chromene-3-carbonitrile (12d) [21] : mp 257-259 • C; IR (KBr) ν max 2229, 1736, 1722, 1609, 1536, 1514, 1470, 1355, 1302, 1266, 1177 
Bromination reaction of (±)-2-amino-4-(2-methoxyphenyl)-4H-benzo[h]chromene-3-carbonitrile (10b)
MethodMethod B A solution of 2-amino-4-(2-methoxyphenyl)-4H - benzo[h]chromene-3-carbonitrile (10b)(±)-(3S,4S,Z)-3- bromo-2-(bromoimino)-4-(2-methoxyphenyl)-3,4-dihydro- 2H-benzo[h]chromenemethoxyphenyl)- 4H-benzo[h]chromene-3-carbonitrile (10c) Method A 2-Amino-4-(3-methoxyphenyl)-4H -benzo[h] chromene-3-carbonitrile (10c)
Bromination reaction of (±)-2-amino-4-(4-methoxyphenyl)-4H-benzo[h]chromene-3-carbonitrile (10d)
Method
Bromination reaction of (±)-2-amino-4-(3,4-dimethoxyphenyl)-4H-benzo[h]chromene-3-carbonitrile (10e)
Method A A solution of 2-amino-4-(3,4-dimethoxyphenyl)-4H -benzo[h]chromene-3-carbonitrile (10e) [19] (0.15 g, 0.418 mmol, 1 equiv), NBS (74.4 mg, 0.418 mmol, 1.0 equiv), in DCM (5 mL), at rt for 5 min, followed by workup and flash chromatography (from 30 to 100 % DCM in hexane), afforded 4-(3,4-dimethoxyphenyl)-2-oxo-2H-benzo[h]chromene-3-carbonitrile (12e) [21] (88 mg, 59 %): mp 217-219 • C; IR (KBr) ν max 2229, 1737, 1723, 1609, 1537 , 1470 cm −1 ; 1 H NMR (500 MHz, CDCl 3 ) δ 8.61 (d, J = 8.2 Hz, 1H, 7.90 (d, J = 7.8 Hz, 1H, 1H, 1H, 7.68 (d, J = 8.9 Hz, 1H, 20; H, 4.30; N, 3.88. Found: C, 73.15; H, 4.34; N, 4.06 . Method B A solution of 2-amino-4-(3,4-dimethoxyphenyl)-4H -benzo[h]chromene-3-carbonitrile (10e) [19] (0.239 g, 0.666 mmol), NBS (0.261 g, 1.466 mmol, 2.2 equiv), in DCM (7 mL), at rt for 5 min, followed by work-up
